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[57] ABSTRACT

The electronic musical instrument, which is suitable for
generating sustaining tone of a rubbed string instru-
ment, has a manipulator for achieving performance
manipulation in a linear manipulation region or in a
plane manipulation region to simulate the motion of a
bow of the rubbed string instrument, and a processing
circuit for applying smoothing treatment to signals
given by the manipulator. The musical tone generated
by the electronic musical instrument can be prevented
from being contaminated with discordant sound caused
by noise produced in performance manipulation.

13 Claims, 11 Drawing Sheets
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ELECTRONIC MUSICAL INSTRUMENT
ADAPTED TO SIMULATE A RUBBED STRING
INSTRUMENT

BACKGROUND OF THE INVENTION

a) Field of the Invention

The present invention generally relates to electronic
musical instruments, and more particularly to an elec-
tronic musical instrument having a performance manip-
ulator capable of generating control variables which
change substantially continuously, such as a variable
which represents a position on a line or on a plane.

b) Description of the Related Art

Most of electronic musical instruments employ key-
boards as main performance manipulators. A keyboard
has a plurality of keys so that information of pitch cor-
responding to each key is generated when the key is
depressed.

Recently, much headway has been made in the devel-
opment of electronic musical instruments capable of
imitatively generating musical tones of a rubbed string
instrument, or the like. In a rubbed string instrument,
pitch 1s changed continuously by shifting the position of
the finger pressing a string on a fingerboard. Further,
the rubbing speed of the bow, i.e. relative speed be-
tween the bow and the string (bow speed) and the pres-
sure of the bow which is applied to the string (bow
pressure) can be changed continuously, so that the mu-
sical tone can be changed expressively correspondingly
to the amounts of the continuous changes of these vari-
ables.

Also 1n an electronic musical instrument, use of such
control variables that can change continuously is effec-
tive for changing the musical tone expressively.

Heretofore, performance manipulators such as a key-
board, a guitar-style controller, a wind-inistrument style
controller. etc. have been used as real-time performance
mantpulators for electronic musical instruments. How-
ever, the expression of the musical tone in electronic
musical mstruments using those performance manipula-
tors 1S more or less inferior to that in natural musical
Instruments.

Therefore, there has been made an idea that the speed
and pressure equivalent to the bow speed and the bow
pressure 1n a natural rubbed string instrument such as a
violin are detected by use of a real-time performance
manipulator capable of imitating the image of the
rubbed string instrument and are inputted as tone gener-
ator control parameters.

The assignee of this application has proposed various
manipulators of one dimension (linear manipulators) or
two or more dimensions (plane or space manipulators)
having a pressure sensor. By actuating the proposed
manipulators, it 1s possible to detect the position and
pressure at every sampling time interval to thereby
generate information pertaining to the speed and pres-
sure.

The information pertaining to the speed, pressure,
etc. given by such manipulators capable of generating
control variables which can change substantially con-
tinuously, contains various kinds of noise. For example,
the noise 1s caused by the variations of the detecting
means per se, etc. and by the disturbance, etc. When
such signals containing noise are inputted into tone
generators, the tone may often become unstable or may
often stop.

10

15

20

23

30

35

40

45

30

55

65

5,272,276

2

For example, a non-linear characteristic of a non-lin-
ear circuit 18 which is incorporated in tone generator 60
(FIG. 2) is shown in FIG. 15 and behavior of the char-
acteristic 1s hereunder described.

The non-linear circuit 18 is accompanied with a divi-
ston circuit 17 provided on the input side, and a multi-
plication circuit 19 provided on the output side. The
division circuit 17 and the multiplication circuit 19 re-
cetve the bow pressure signal through the gate 20. That
is, a small signal formed by dividing the input by the
bow pressure signal is inputted into the non-linear cir-
cuit 18, and a large signal formed by multiplying the
output by the bow pressure signal is produced in the
multiplication circuit 19. Accordingly, when the char-
acteristic of the non-linear circuit 18 is fixed, the scales
of the input and output signals of the non-linear circuit
18 change as the bow pressure signal changes. In short,
as the bow pressure signal is enlarged, the linear region
of the characteristic is widened. This means the fact that
the static friction coefficient portion is widened.

When the input signal is small amount, the output
stgnal proportionally increases. Then, the output signal
is fed back through LPF 22 to be applied to the Input
signal 1s an adder 15. So, the input signal to the non-lin-
ear circuit 18 increases by a feed back amount, the out-
put signal responsively increases. In this manner, the
output signal gradually increases. Finally, the input
signal excesses a certain value, i.e. the input signal
reaches the small output region, then the output signal
falls into small amount. Therefore, the feed back
amount into the adder 15 also falls into small amount.
Responsive to this, input signal to the non-linear circuit
decreases, i.e., the input signal becomes to get into the
linear region.

If bow motion is sustained, the input signal is gradu-
ally 1ncreases, above-mentioned increase-decrease mo-
tion 1s repeated. As a result, the non-linear characteris-
tic simulates relative motion between a bow and a
String.

But, 1if the input signal rapidly increases, the input
signal mnto the non-linear circuit 18 may directly jump
into the small input region from the linear region with-
out gradual increase. Therefore, the above-mentioned
motion is not functioned, so precise simulation of the
natural musical instrument is not realized.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
electronic musical instrument using a manipulator for
generating control variables which can change substan-
tially continuously, by which the generated tone can be
changed stably and expressively.

Another object of this invention is to provide an
electronic musical instrument using a manipulator for
generating control variables which can change substan-
tially continuously, and being excellent in noise reduc-
tion. .

According to an aspect of the present invention, a
performance manipulator for generating a control vari-
able or control variables which can change substantially
continuously is used so that a predetermined number of
time-series sample values are selected from the values of
the control variable generated from the performance
manipulator and are subjected to smoothing treatment
to thereby reduce noise.

For example, the control variable includes a position
(coordinates) variable or a pressure variable.
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The smoothing treatment includes operation of ex-
cluding the maximum and minimum ones from three or
more sample values of the control variable received
continuously in time sequence. |

When noise is produced on the output of the perfor-
mance manipulator capable of generating a control
variable which can change continuously, the control
variable which should change gradually in substance
may change unexpectedly widely. If the musical tone is
generated on the basis of the unexpectedly widely
changed control variable, the musical tone may become

unstable or may stop. Therefore, a plurality of sample
values of the control variable are picked up and sub-
jected to smoothing treatment, so that the influence of

noise can be reduced even when unexpected noise is
superimposed on thé output signal of the performance
manipulator.

For example, in the case where a position (coordi-
nates) variable or a pressure variable is used as the con-
trol variable, the control wvariable i1s in most cases
treated as a voltage signal. In the process of generation
and transmission of the voltage signal, the voltage may
change suddenly like a spike because of factors such as
contact, disturbance, etc, If the signal including such a
spike pulse 1s used directly, the musical tone will be-
come offensive to the ears. Therefore, smoothing treat-
ment 1s applied to the signal containing noise to thereby
prevent the generated musical tone from becoming
offensive to the ears.

In the smoothing treatment, the disorder of the unex-
pectedly changed control variable can be prevented to
some degree by the simple operation of excluding the
maximum and mimmum ones from three or more sam-
ple values of the control variable.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 11s a block diagram showing the configuration
of an embodiment of the electronic musical instrument
according to the present invention:

FIG. 2 1s a block diagram showing an example of the
configuration of the musical tone generating circuit
used 1n the electronic musical instrument depicted in
FI1G. 1.

FIG. 3 1s a perspective view showing an example of
the construction of the pressure-sensitive performance
manipulator used in the electronic musical instrument
depicted in FIG. 1;

F1GS. 4A and 4B 1llustrate one mode of detection of
velocity information, in which FIG. 4A is a diagram
showing velocity versus position of the performance
manipulator, and FIG. 4B 1s a circuit diagram function-
ally showing a circuit for converting position data into
velocity data;

FIGS. 5A and 3B illustrate another mode of detec-
tion of velocity information, in which FIG. 5A is a
diagram showing detected coordinates versus position
of the performance manipulator, and FIG. 5B is a block
diagram functionally showing a circuit for converting
position data into velocity data; |

FIG. 6 1s a block diagram of a circuit capable of
selecting a mode of detection of velocity information;

FI1G. 7 1s a block diagram showing a hardware struc-
ture of the electronic musical instrument:

FIGS. 8A to 8C illustrate a median filter as a smooth-
ing circuit, in which FIGS. 8A and 8B are graphs show-
ing examples of data variation, and F1G. 8C is a block
diagram of the median filter;
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FIGS. 9A and 9B illustrate an averaging circuit as a
smoothing circuit, in which FIG. 9A is a graph showing
an example of data variation, and FIG. 9B is a block
diagram of the averaging circuit;

FIG. 10 is a flow chart of the main routine:;

FIG. 11 1s a flow chart of the key-on event routine:

FIG. 12 1s a flow chart of the key-off event routine:

F1G. 13 1s a flow chart of the timer interrupt routine;

FIG. 14 is a flow chart of the smoothing routine; and

FIG. 15 is a graph showing the functions of the divi-
sion circuit 54 and the multiplication circuit 86 for alter-
ing the characteristics of the non-linear circuit 58.

In the drawings, the reference numerals designate as
follows: 1. .. pressure-sensitive slide-type performance

manipulator; 2,3 . . . analog-to-digital conversion cir-
cuit; 4 . . . position-to-velocity conversion circuit; 5,6 .
. . sSmoothing circuit; 8 . . . keyboard; 9 . . . tone genera-

tor; and 10 . . . sound system.
DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows an example of the configuration of an
embodiment of the electronic musical instrument ac-
cording to the present invention. An output pertaining
to position and another output pertaining to pressure
are generated from a pressure-sensitive slide-type per-
formance manipulator 1 and supplied to analog-to-digi-
tal conversion circuits (A/D) 2 and 3, respectively. The
digital position signal is supplied from the A/D conver-
sion circuit 2 to a position-to-velocity conversion cir-
cuit 4. In the position-to-velocity conversion circuit 4,
the position signal is converted into velocity informa-
tion and fed to a smoothing circuit 5. Thus, the
smoothed bow velocity information is supplied to a tone
generator (TONE GEN) 9. On the other hand, the
digital pressure information is fed from the A/D con-
version circuit 3 to a smoothing circuit 6. In the smooth-
Ing circuit 6, the pressure information is smoothed and
supplied as bow pressure information to the tone gener-
ator 9. Also, tone pitch information corresponding to
the pitch related to a depressed key is generated from a
keyboard 8 and supplied to the tone generator 9. The
tone generator 9 generates a musical tone forming signal
based on the bow velocity information, the bow pres-
sure information and the tone pitch information. The
musical tone forming signal is supplied to a sound sys-
tem 10 so that a musical tone is generated in the sound
system 10.

F1G. 2 shows an example of a musical tone signal
forming circuit as a main part of the tone generator 9 for
forming a musical tone signal on the basis of the bow
velocity information, the bow pressure information, the
tone pitch information, etc. The bow velocity informa-
tion and the bow pressure information are given
through gate circuits 12 and 20, respectively. These
gates 12 and 20 are opened (turned on) in response to a
key-on signal and are closed (turned off) in response to
a key-off signal.

When the bow pressure information is inputted while
the gate 12 is opened in response to the key-on signal,
the bow velocity information is fed to an addition cir-
cuit 13, an addition circuit 15, a division circuit 17 and
a non-linear circuit (NL) 18, successively. The non-lin-
ear circuit 18 is a circuit for simulating the non-linear
characteristic of a string of a rubbed string instrument.
In a region in which an input is relatively small, the
non-linear circuit 18 generates an output proportional to
the input. When the input exceeds a certain value, the
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non-linear circuit 18 generates a low output which is
non-linear with respect to the input. Such a characteris-
tic can approximate the motion of the violin according
to the static friction coefficient and the dynamic friction
coefficient between the string and the bow. The output
of the non-linear circuit 18 1s fed to addition circuits 25
and 26 via a multiplication circuit 19. |

The addition circuits 25 and 26 are arranged to be
symmetric to each other in a circulating path constitut-
ing a closed loop. The closed loop approximates the
motion of the string of the rubbed string instrument.
The closed loop includes a pair of delay circuits 28 and
29, a pair of low-pass filters (LPF) 31 and 32, a pair of
decay circuits 34 and 35, and a pair of multiplication
circuits 37 and 38. Each of the delay circuits 28 and 29
1s a circuit for giving a delay to a signal circulating in
the closed loop, to thereby determine the pitch of a
generated musical tone. One portion of the string from
the string rubbing position where the bow touches the
string to the bridge which is a fixed end of the string and
the other portion of the string from the string rubbing
position to the string pressing position where the finger
presses the string onto the fingerboard are approxi-
mated by the pair of delay circuits 28 and 29. While
vibration is transmitted through the string, the vibration
changes according to the characteristic of the string.
The low-pass filters serve to approximate the character-
istic of the string at the time of transmission of the vibra-
tion. Also, while the vibration is transmitted through
the string. the vibration decays. The pair of decay cir-
cuits 34 and 35 control the amount of decay to simulate
the decay of the vibration transmitted through the
string. When the key-oft signal 1s inputted. the vibration
of the string 1s stopped by increasing the amount of
decay greatly. Also, the vibration of the string is re-
flected at the fixed end and, at the same time, the phase
is inverted. Each of the multiplication circuits 37 and 38
multiplies the mnput by a fixed coefficient — 1. That is,
the phase 1s inverted, representing reflection with no
decay. In an actual natural musical instrument, decay
occurs together with reflection. Therefore, the decay
can be considered as the amount of decay in the decay
circuits 34 and 33. Further, a tone color signal 1s sup-
plied to the delay circuits 28 and 29 and the low-pass
filters 31 and 32 to thereby adjust the signal waveform.
When the input signal circulates in the closed loop as
described above, the motion in which the vibration is
transmitted through the string, reflected and returned to
its original position can be simulated.

Here, the output signals of the multiplication circuits
37 and 38 1in F1G. 2 are respectively taken out and input-
ted into an addition circuit 40. This represents the fact
that vibrations propagating from opposite sides of the
string are supplied to the string rubbing position. The
input signals propagating from opposite directions are
added to each other in the addition circuit. The output
signal of the addition circuit 40 is supplied to the addi-
tion circuit 13, in which the signal 1s added to the bow

velocity signal. This means the fact that a musical tone

is generated by adding a vibration generated by newly
rubbing the string with the bow to a sustaining tone of
the vibratory string while a continuous tone is gener-
ated by rubbing the string with the bow.

The non-linear circuit 18 1s accompanmed with a divi-
sion circuit 17 provided on the input side, and a multi-
plication circuit 19 provided on the output side. The
division circuit 17 and the multiplication circuit 19 re-
ceive the bow pressure signal through the gate 20. That
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18, a small signal formed by dividing the input by the
bow pressure signal is inputted into the non-linear cir-
cuit 18, and a large signal formed by multiplying the
output by the bow pressure signal is produced in the
multiplication circuit 19. Accordingly, when the char-
acteristic of the non-linear circuit 18 is fixed, the scales
of the input and output signals of the non-linear circuit
18 change as the bow pressure signal changes. In short,
as the bow pressure signal is enlarged, the linear region
of the characteristic is widened. This means the fact that
the static friction coefficient portion is widened.

The output of the multiplication circuit 19 is fed back
to the addition circuit 15 through the low-pass filter 22
and the addition circuit 23. The characteristic of the
non-linear circuit 18 has a central linear region which
depends on the static friction coefficient, and an outside
small output region which depends on the dynamic
friction coefficient. The characteristic of the non-linear
circuit 18 1s changed stepwise between the linear region
and the small output region. When the input signal is
iIncreased into the region controlled by the dynamic
friction coefficient, the output of the non-linear circuit
1s reduced so that the value fed back to the input side
through the feedback loop is reduced. When the input is
reduced after once entering the dynamic friction coeffi-
cient region, the feedback is small corresponding to the
small output. Accordingly, changeover occurs at a
smaller input value. That is, in the vicinity of the
changeover, there is a difference between the feedback
value 1n the case of increasing the input of the non-lin-
ear circuit 18 and the feedback value in the case of
decreasing the input. As a result, a characteristic having
hysteresis is given as a whole.

The low-pass filter 22 is a circuit for preventing oscil-
lation or the like.

In the musical tone forming circuit as shown in FIG.
2, the bow velocity information and the bow pressure
information as well as the tone pitch information are
used as important parameters for forming the musical
tone. In the configuration of FIG. 1, these parameters
are given by the pressure-sensitive slide type perfor-
mance manipulator 1. When these parameters change
suddenly, the generated musical tone changes unexpect-
edly.

F1G. 3 1s a schematic perspective view showing an
example of the configuration of the pressure-sensitive
performance manipulator.

The pressure-sensitive performance manipulator 1
has a knob 63 which continues to a sliding terminal of a
shde volume or a potentiometer at the lower portion of
the knob 63. A resistance value corresponding to the
position of the knob 63 is detected from a slide resistor
65. The slide resistor 65 including the knob 63 is dis-
posed on a pressure sensor 67, so that the pressure sen-
SOr generates a pressure signal corresponding to the
force with which the knob 63 is pressed down. Here,
the pressure sensor 67 is put in a casing 69.

Each of the position signal and the pressure signal is
generated In the form of a voltage signal. For example,
a predetermined voltage is applied between the opposite
ends of the slide resistor so that a voltage corresponding
to the position of the knob 63 is taken out from the
sliding terminal. Also, a voltage signal changing corre-

spondingly to the applied pressure is obtained by the
pressure sensor 67.

A method of generating velocity information on the
basis of the position of 2 hand manipulator of a perfor-
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mance manipulator constructed as described above will
be described hereunder.

FIGS. 4A and 4B show a mode for generating veloc-
ity information directly on the basis of the position of

the knob 63.
It 1s now assumed that the velocity relative to the

position of the knob 63 is set within a range of move-
ment of the knob 63 as shown in FIG. 4A. For example,
the center position is established to be a position for the
velocity vb=0, the right-end position is established to
be a position for the velocity vbqx, the left-end position
is established to be a position for — vbmax, and the inter-
mediate positions are established to be positions corre-
sponding to the intermediate velocity.

The aforementioned relation can be realized by a
conversion table. That 1s, a position data is converted
into a velocity data on the basis of the conversion table
70 as shown in FIG. 4B. In this case, one velocity value
is determined when one position value is determined.
When the knob 63 1s stopped, a constant velocity data is

outputted.
FIG. SA and 3B show another mode for generating

velocity information. In this mode, position information
1s used directly as position information as shown in
FIG. SA. The distance of movement of the position in a
unit time is measured, so that velocity information is
calculated by dividing the distance of movement by
time. Accordingly, a velocity data can be generated on
the basis of the actual velocity, so that the relation be-
tween position and velocity can be determined easily by
Intulition.

In the case where sampling 1s made periodically on
the basis of a timer, the position movement X>—X1in a
period between adjacent sampling times corresponds to
the velocity in the peniod because the time difference
T2—T; between adjacent sampling times is constant.
That is, as shown in FIG. 8B, position data are supplied
to a division circuit 72, in which a signal of the value
(X2—X1)/(T-—T,) 1s generated and then converted
Into a velocity data on the basis of the conversion table
74.

When the operation mode as shown in FIGS. 4A and
4B 1s used, performance manipulation becomes easy for
beginners. For example, while the skillful hand is used
for tone pitch designation, the other hand can be used
for manipulation of the knob 63 of the slide resistor. In
this case, the manipulation of the slide resistor is very
easy. because the bow velocity can be kept constant by
stopping the knob 63 at a certain place. Accordingly, it
can be said that this mode is suitable for difficult perfor-
mance such as quick-tempo performance (fast-moving
musical note), tone pitch jumping performance, etc.

In the case of the mode as shown in FIGS. 5A and
5B, the operation of moving the knob 63 resemble so
closely the operation of playing the actual rubbed string
instrument that this mode is suitable for human feelings,
because the operation of moving the knob 63 is propor-
tional to the bow velocity. Accordingly, an optimum
operation can be made by intuition in the case where
fine expression is required.

As described above, the velocity information detec-
tion modes as shown in FIGS. 4A and 4B and FIGS. SA
and 5B have advantages, respectively. Accordingly, it is
useful that a changeover switch for changing over be-
tween these modes 1s provided.

FIG. 6 shows a system in which the detection of
velocity information 1s made selectively in a mode,
which is selected from the mode as shown in FIGS. 4A
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and 4B and the mode as shown in FIGS. 5A and 8B. In
one route A, the position data is supplied to an input
selecting means 76 through a conversion table (CONV
TBL 2) 70. In the other route B, the position data is
supplied to the input selecting means 76 through a divi-
sion circuit 72 (for dividing the distance of movement of
the position by the passed time) and a conversion table
(CONV TBL 1) 74.

The mput selecting means 76 selects one input and
sends out it. That is, the mode A as shown in FIGS. 4A
and 4B or the mode B as shown in FIGS. SA and 5B can
be selected by the input selection means 76.

In practical use of the electronic musical instrument,

most of signal processings are made by a central pro-
cessing unit (CPU). That is, various function blocks can

be realized by storing a program and data in a storage
circuit and processing the data in a CPU.

FIG. 7 shows a hardware structure of the electronic
musical instrument. The performance manipulator 1
such as a shde resistor or the like generates pressure
information, velocity information, etc. and sends out the
pressure information and the velocity information to a
data bus 50 through a pressure detecting circuit 42 and
a velocity detecting circuit 43, respectively. When a
selected key in a keyboard 8 is depressed, the associated
key data 1s sent out to the data bus through a key
switching circuit 46. Further, a function switching cir-
cuit 48, a tone generator 60, an ROM 52, an RAM 54, a
CPU 586, a timer 58, etc. are connected to the data bus
50. Also, the output of the tone generator 60 is fed to a
sound system 61 for generating the musical tone. Here,
the ROM 32 stores an arithmetic operation program to
be executed by the CPU 56, and the RAM 54 contains
registers, work memories, etc. for storing parameters
used 1n the arithmetic operations.

The smoothing circuits § and 6 as shown in FIG. 1
can be realized by the program stored in the RAM 54
and the ROM 52 and the arithmetic operations of the
CPU 56. Examples of the smoothing circuit realized by
the ROM 52, the RAM 54 and the CPU 56 will be
described hereunder.

FIGS. 8A, 8B and 8C are views for explaining an
example of the smoothing circuit. This smoothing cir-
cuit accumulates three sample values detected in time
sequence and selects the median value from the three
values as an output value. FIG. 8A illustrates the case
where the coordinate (ordinate) increases monotoni-
cally. It 1s now assumed that coordinates X, X5 and X 3
are detected with the passage of time and have the
relation X)<X><X3. In this case, the median value
selected from the three values Xj, X; and X3 is X».
Accordingly, the output value is X>.

FIG. 8B illustrates the case where the value of the
coordinate x takes a peak. It is now assumed that coor-
dinates X, X7 and X3 detected in time sequence have
the relation X} <X3>Xj. In this case, the value X,
detected at the median point in time sequence is not
used, because the value is the largest one. Larger one
X1 1n the values X; and X3 is supplied as the output
value. That is, the relation X; <X} < X3 is established,
so that the median value X is selected as the output
value.

F1G. 8C illustrates an example of a circuit for carry-
ing out the aforementioned operation. When bow ve-
locity information vb is supplied to a median filter 81.
the median value of velocity is supplied from the me-
dian filter 81 to the tone generator 9. Among a plurality
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of bow velocity data, a bow velocity data smoothed by
the median filter 81 is supplied to the tone generator 9.

The smoothing circuit of FIG. 8C is a circuit for
selecting the median value among a plurality of sam-
pling values selected in time sequence. In this case, the
value at a sampling point exhibiting a rapid change may
be neglected.

FIGS. 9A and 9B show an example of a smoothing
circuit for averaging values given at a plurality of sam-
pling points. It is now assumed that the coordinate x
changes to X, X7 and X3 with the passage of time as
shown in FIG. 9A.

As shown in FIG. 9B, the smoothing circuit has an
averaging circuit 83 which receives bow velocity infor-
mation vb and sends out a smoothed output to the tone
generator 9. When, for example, bow velocity values
X1, Xzand X3 are given as shown in FIG. 9A, the aver-
aging circuit 83 carries out the arithmetic operation of
(X1+ X2+ X3)/3.

The smoothing treatment as described above can be
realized by storing the input signal in the RAM 54 and
carrying out a predetermined arithmetic operation in
the CPU 56 according to the program stored in the
ROM.

Now, registers provided in the RAM 54 will be ex-
plained hereinbelow.

Mode Register (MD)

This 1s a register for selecting a mode of detection of
velocity information. The mode is selected from a mode
in which the position detected by the performance ma-
nmpulator 1s directly converted into velocity (MODE A)

if MD =0, and a mode in which the distance of move-

ment detected in a predetermined period is converted
into velocity (MODE B) if MD=1.

Pressure Register (P(n))

This 1s a register for storing pressure detected by the
performance manipulator. Pressure data detected in
time sequence are stored in registers P(1), P(2) and P(3).
respectively. |

Present Position Register (POS)

This 1s a register for storing a position currently de-
tected by the performance manipulator.

Previous X Position Register (X)

This is a register for storing the position previously
detected by the performance manipulator.

Difference Register (DIF)

This 1s a register for storing the difference (the dis-
tance of movement) between the present position and
the previous position.

Velocity Register (V(n))

This 1s a register for storing velocity. Velocity data
detected in time sequence are stored in registers V(0),
V(1) and V(2), respectively.

Pressure Register (PRS)

This 1s a register for storing a smoothed pressure data.

Velocity Register (VEL)

This is a register for storing a smoothed velocity data.
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Sampling Number (m) and Circulating Number (n)

These are registers for storing a numeric data m rep-
resenting the number of samples and for storing a nu-
meric data n representing the number of circulations.
The circulating number n changes according to the
predetermined modulo number. When, for example, the
modulo number is 3, the number n circulates to 1, 2, 0,

. .. as the number m increases successively to 1, 2, 3, 4,
5, and 6.

Key Code (KCD)

This 1s a register for storing information representing
a depressed key in the keyboard and the associated tone
pitch. The information has a most significant bit (MSB)
representing information pertaining to key depression
and key release, and other bits representing information
pertaining to tone pitch.

The description of other registers is omitted here.

In the following, a flow chart of the main routine is
explained with reference to FIG. 10. When the main
routine is started at the step S1, initialization is done in
the next step S2. Then, in the step S3, a Jjudgment is
made as to whether there is a key-on event or not.
When there is a key-on event, the flow goes to the step
54 to carry out the key-on event routine. When there is
no key-on event, the flow skips over the step S4.

Then, in the step S5, a judgment is made as to
whether there is a key-off event or not. When there is a
key-off event, the flow goes to the step S6 to carry out

the key-off event routine. When there is no key-off
event, the flow skips over the step S6.

Then, in the step S7, a judgment is made as to
whether there is a mode switch event or not. It is now
assumed that two modes are used for detection of veloe-
ity. When there is a mode switch event, the flow goes to
the step S8 to invert the contents of the register MD.
When there is no mode switch event, the flow skips
over the step S8.

Then, in the step S9, other processing routines are
carried out. Then, the flow returns to the step S3.

In the following, the key-on event which has oc-
curred in the main routine is explained with reference to
FIG. 11. When the key-on event is started at the step
511, the key code is stored in the register KCD in the
step S12.

Then, in the step S13, the key code stored in the
register KCD is assigned to a tone channel of the tone
generator.

Then, in the step S14, the key code in the register
KCD and a key-on signal are transferred to the desig-
nated channel of the tone generator. Then, in the step
S15, the flow returns.

In the following, the key-off event which has oc-
curred in the main routine is explained with reference to
FIG. 12.

When the key-off event is started at the step S21, the
key code is stored in the register KCD in the step S22.
To erase the musical tone corresponding to the key in
which the key-off event has occurred, in the step S23, a
judgment is made as to whether or not there is a tone
channel assigned by the key code KCD in which the
key-off event has occurred. When there is a tone chan-
nel, the flow goes to the step S24 to transfer the key-off
signal to the assigned channel of the tone generator to
thereby stop tone generation. When there is no tone
channel, the flow skips over the step 824 and returns (in
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the step S25) because tone erasing treatment has been
done already.

In the following, a flow chart of the timer interrupt is
explained with reference to FIG. 13.

When the timer interrupt is started at the step S31, the
detected pressure and the coordinate of the detected
position are respectively stored in the registers P(n) and
POS in the step S32.

Then, 1n the step S33, a judgment is made as to
whether there is a key-on channel or not. When there is
a key-on channel, a judgment is made in the step S34 as
to whether the detected pressure P(n) is larger than 0 or
not. In the case of P(n)>0, the performance manipula-
tor 1s operated and the flow goes to the step S35 to make
a judgment as to whether the mode MD is “1” or not.
When the mode MD is *“1”, the flow goes to the step
536 to make a judgment as to whether the number m is
positive or not, because mode B has been selected as the
mode of detection of velocity information. The initial
values of the number m and the circulating number n
are both “0”. When m is 0, the flow goes to the step S56
to store the coordinate POS of the position in the previ-
ous position register X and the flow returns (the step
S57), because m=0 represents the fact that a phenome-
non is detected for the first time.

When the number m is positive, the value POS-X
obtained by subtracting the previous position X from
the present position POS is stored in the difference
register DIF (Step S37) because m>0 represents the
fact that the phenomenon has been detected already.

In the next step S38, the result obtained by converting
the moving distance DIF into velocity on the basis of a
conversion table 1s stored in the velocity register V(n).
Then, 1n the step S39, the data representing the previous
position 1s updated.

When the mode MD is “*0", representing the mode in
which the position data is directly converted into a
velocity data, the position data POS is converted into a
velocity data on the basis of another conversion table
and then the velocity data is stored in the velocity regis-
ter V(n) (Step S54).

After the velocity data is obtained as described
above, the flow goes to the step S40 to make a judgment
as to whether the number m is larger than 1 or not.
When m 1s larger than 1, the flow goes to the next step
S41 to carry out the smoothing routine. When the
smoothing routine is finished, the values of the pressure
register PRS and the velocity register VEL are trans-
ferred to the tone generator in the step S42.

Then, 1n the step S43, the number m is increased by
one. Further, the circulating number n in three modules
(the modulo number is 3) is updated.

When the result of the judgment in the step S40 is
m=0, the flow skips over directly to the step S43 and
then returns (the step S44).

In the following, the smoothing routine in the step
S41 in the flow chart of FIG. 13 is explained with refer-
ence to FIG. 14

When the smoothing routine is started at the step S60,

the median value is selected from the pressure registers
P(0) to P(2) and stored in the pressure register PRS in
the step S61. Further, in the next step S62, the median
value 1s selected from the velocity registers V(0) to V(2)
and stored 1n the velocity register VEL. The operation
of selecting a median data from the three data forms a
median filter. Here, the step S61 and the step S62 may
be exchanged with each other. Then, the flow goes to
the step 563 and returns.
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That 1s, a median value is selected from three continu-
ous values by the smoothing treatment of FIG. 14. The
values thus selected are newly used as pressure data
PRS and velocity data VEL..

~The output signals (representing the position and the
pressure) of the pressure-sensitive slide type perfor-
mance manipulator as shown in FIG. 1 may change
suddenly. The sudden changes of the output signals may
be caused by the manipulator itself or may be caused by
factors such as disturbance, etc. If the sudden changes
of the output signals are directly inputted into the musi-
cal tone forming circuit, the generated musical tone will
become offensive to the ears.

Therefore, smoothing treatment is carried out in the
aforementioned embodiment according to this inven-
tion. Accordingly, even if parameters such as position,
pressure, etc. change suddenly, the sudden changes of
the parameters are relaxed so that unpleasant influence
on the generated musical tone can be reduced.

Although description has been made upon the case
where a smoothing circuit for selecting a median value
from three values taken at three points continuous in
time sequence is used, the invention is not limited to the
specific embodiment. For example, another smoothing
circuit for calculating a newest value by averaging,
three intermediate values obtained after excluding a
maximum value and a minimum value from five values
continuous in time sequence may be used. In short, it
will be apparent to those skilled in the art that various
types of smoothing circuits may be used in this inven-
tion.

Although description has been made upon the case
where a slide type performance manipulator is used, any
type manipulator such as a tablet type plane manipula-
tor, a three-dimension type manipulator, etc. may be
used. The position in two or more dimensions may be
decomposed into a plurality of one dimensional data.
Then, each one-dimensional data may be smoothed.
Alternatively, a variable such as distance from a refer-
ence point or between adjacent sampling points may be
smoothed.

Although description has been made upon the case
where a physics tone generator is used as a tone genera-
tor, any other tone generator such as an FM tone gener-
ator, a waveform memory, or the like, may be used. The
tone generator used in this invention may be of the
monotone type or may be of the multitone type.

Although description has been made upon the case
where the parameters subjected to smoothing treatment
are position, velocity and pressure, other musical sound
control parameters may be smoothed.

As 1s described above, according to the embodiments
of the present invention, sudden changes of a certain
continuously changeable control variable given by the
performance manipulator are relaxed by smoothing
treatment in the case where the control variable
changes suddenly. Accordingly, the generated musical
tone 1s prevented from being contaminated with an
unpleasant tone offensive to the ears.

Although description has been made on the embodi-
ments of the present invention, the present invention is
not limited thereto. For example, it will be apparent for
those skilled in the art that various changes, substitu-

tions, modifications, improvements and combinations
thereof may be made.

What 1s claimed is:

1. An electronic musical instrument for generating
musical tones comprising:
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a performance manipulator for generating a control
variable which can be substantially continuously
changed;

- smoothed signal generating means connected to said
performance manipulator, for receiving sampled
values of said control variable successively in time
sequence, for carrying out smoothing treatment on

 the received sampled values of said control vari-
able, and for sending out the smoothed signals;

a musical tone signal forming circuit means for re-

- ceiving said smoothed signals and for forming a
musical tone signal by utihzing said smoothed sig-
nals as musical tone control parameters, said tone
signal forming circuit means including a nonlinear
circuit for generating a signal having a nonlinear
characteristic, and a closed loop circuit for circu-
lating the signal outputted from said nonlinear
circuit, said closed loop circuit including delay
means for delaying the signal by a predetermined
delay length which determines pitch of the musical
tone, a circulating path for circulating the signal,
and signal control means for connecting said non-
linear circuit with said closed loop circuit and for
receiving said smoothed signals.

2. An electronic musical instrument according to
claim 1, 1in which said control variable includes at least
one of position variable and pressure variable.

3. An electronic musical instrument comprising:

a performance manipulator for generating a control
variable which can be substantially continuously
changed;

smoothed signal generating means connected to said
performance manipulator, for receiving sampled
values of said control variable successively in time
sequence, for carrying out smoothing treatment on
the received sampled values of said control vari-
able, and for sending out the smoothed signals, said
smoothing treatment includes operation for exclud-
immg the maximum and mimimum ones of three or

more sample values of said control variable re--

ceived successively in time sequence; and
a musical tone signal forming circuit for receiving
sald smoothed signals and for forming a mus:ical
tone signal by utilizing said smoothed signals as
musical tone control parameters. |
4. An electronic musical mnstrument according to
claim 1, wherein said performance manipulator has a
linearly movable manipulator.
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5. An electronic musical instrument according to
claim 1, wherein said smoothed signal generating means
includes a conversion means for converting position
information into velocity information.

6. An electronic musical instrument according to
claim 5, wherein said conversion means comprises a
conversion table.

7. An electronic musical instrument according to
ciaim 5, wherein said conversion means comprises di-
viding means for dividing a distance by time.

8. An electronic musical instrument according to
claim 1, wherein said smoothed signal generating means
includes an average means for taking an average value
from a plurality of input data.

9. An electronic musical instrument comprising:

a performance manipulator for generating a control
variable which can be substantially continuously
changed;

smoothed signal generating means connected to said
performance manipulator, for receiving sampled
values of said control variable successively in time
sequence, for carrying out smoothing treatment on
the received sampled values of said control vari-
able, and for sending out the smoothed signals, said
smoothed signal generating means, includes an
averaging means for taking an average value from
a plurality of input date and means for excluding a
largest and a smallest input data from a plurality of
successive input data; and

a musical tone signal forming circuit for receiving
said smoothed signals and for forming a musical
tone signal by utilizing said smoothed signals as
musical tone control parameters.

10. An electronic musical instrument according to
claim 1, wherein said electronic musical instrument is
capable of generating musical tones resembling those of
a rubbed string instrument.

11. An electronic musical instrument according to
claim 10, wherein said closed loop circuit for circulat-
ing a signal provides an output which represents a vi-
bration propagating on a string,.

12.. An electronic musical instrument according to
claim 11, wherein said non-linear circuit provides an
output which represents the characteristics of a string
rubbed by a bow.

13. An electronic musical instrument according to

clam 1, wherein said signal control means modifies

characteristics of said nonlinear circuit.
x %k * * ¥
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